3 dry sub-humid zones (Thornthwaite, 1948; UNEP, 1994) . For these zones, water availability and 48 biomass production are restricted and mostly confined to a short rainy season. As a result, the 49 carrying capacity of the ecosystems is rapidly exceeded by the human exploitation of natural 50 resources, especially in poor countries with fast demographic expansion and deficient 51 exploitation techniques (Kassas, 1995) . Furthermore, the resilience of drylands is often reduced 52 by the occurrence of recurring droughts and severe desertification, which threatens sustainable 53 development in these fragile environments. 54
Gully erosion is acknowledged as a key erosion process whereby land degradation in dryland 55 environments occurs. In a review, Poesen et al. (2002) conclude that gully erosion contributes to 56 50% to 80% of the overall sediment production in drylands. Sediment yields are locally very 57 variable, but may be as high as 3.4 t ha -1 y -1 in Kenya, 32 t ha -1 y -1 in Niger, 16.1 t ha -1 y -1 in 58
Portugal, 64.9 t ha -1 y -1 in Spain and 36.8 t ha -1 y -1 in the USA (Poesen et al., 2003) . 59
Understanding historical and present-day gully erosion is therefore essential when addressing the 60 consequences of future land-use and climate change scenarios (Poesen et Relatively few studies investigate the importance of gully erosion on land degradation, especially 70 when considering sub-Saharan Africa (e.g., Stocking, 1980; Moeyersons, 1989 Moeyersons, , 1991 
183
The accuracy of the gully network maps depends on (i) the horizontal positional accuracy of the 184 data-layers, (ii) the ability to detect the gully networks on the aerial photographs and satellite 185 images, which depends on the spatial resolution of the layers and the ability to distinguish gullies 186 from adjacent land covers, and (iii) errors in the vectorisation process within the GIS software. 187
As shown by Frankl et al. (2013a) , who mapped gully networks both from Google Earth images 188 and from ground measurements (May Ba'ati 2008-2010 in this study, Table 2 ), these errors result 189 in both under-and overestimations of gully length, which resulted in an average error of 7.5% on 190 the drainage density as computed from the imagery alone. The most important errors are relatedto difficulties in correctly identifying gullies in low-contrast areas, which is very similar for all 192 aerial photographs and images used in this study. Therefore, we assumed an error of 7. Low-active section without check dams and C: Low-active section with check dams. 247 Table 2 presents the results of the gully network and volume development analysis. For each 251 catchment and period, data are given on the gully length (L, km), the length of the high-active 252 gullies (L high-active , km), the length of the low-active gullies (L low-active , km) and the total gully 253 volume (V, 10³ m³). Given the catchment area (A, km²), the drainage density of the total gully 254 network (D total , km km -2 ), the drainage density of the high-active gullies (D high-active , km km -2 ) and 255 the area-specific gully volume (V a , 10³ m³ km -2 ) could also be calculated. The development of 256 Figure 3A) . values for catchments in shale to be on average 2.6 times larger than for catchments in volcanics. 298
Summed for all the study areas, the gully volume was 6,056 10³ m³, which is twice the volume of 299 1963-1965, and a decrease by 17% when compared to the 1994 situation. 300 and in other drylands, the soil loss was also expressed as soil loss by gullying (SLg, t ha -1 y -1 ). As 413 no soil bulk density measurements were performed in this study, we used a standard soil bulk 414 density of 1.5 g cm 
